Elevated interstitial fluid pressure (IFP) in tumors can cause metastatic dissemination and treatment resistance, but its study poses a challenge because of a paucity of noninvasive imaging strategies. In this study, we address this issue by reporting the development of a noninvasive tool to assess tumor IFP and interstitial hypertension-induced lymph node metastasis. Using mouse xenograft models of several types of human cancer, we used gadolinium diethylene-triamine penta-acetic acid (Gd-DTPA) as a contrast agent for dynamic contrastenhanced MRI (DCE-MRI). Immediately after Gd-DTPA administration, a high-signal-intensity rim was observed in the tumor periphery, which moved outward with time. Assuming the velocity of Gd-DTPA to be equal to the fluid flow velocity, we used a simple model of peritumoral interstitial fluid flow to calculate the fluid flow velocity at the tumor surface (v 0 ) based on the rim movement. Significant positive correlations were found between v 0 and IFP in all tumor xenografts. Moreover, the primary tumors of metastasis-positive mice displayed higher IFP and v 0 than the primary tumors of metastasis-negative mice. Findings were confirmed in cervical cancer patients with pelvic lymph node metastases, where we found v 0 to be higher compared with patients without lymph node involvement (P < 0.00001). Together, these findings establish that Gd-DTPA-based DCE-MRI can noninvasively visualize tumor IFP, and they reveal the potential for v 0 determined by this method to serve as a novel general biomarker of tumor aggressiveness. Cancer Res; 72(19); 4899-908. Ó2012 AACR.
Introduction
Malignant solid tumors generally have a higher interstitial fluid pressure (IFP) than normal tissues (1) (2) (3) . Tumor tissues develop interstitial hypertension because they show high resistance to blood flow, low resistance to transcapillary fluid flow, and impaired lymphatic drainage (1, 3) . The microvascular hydrostatic pressure is the principal driving force for the elevated IFP of tumors (4) . Fluid is forced from the microvasculature into the interstitium where it accumulates, distends the extracellular matrix, and causes interstitial hypertension (1, 4) . A pseudostable state is established with uniformly elevated IFP throughout the tumor tissue except close to the surface, where the IFP drops steeply to normal tissue values (5, 6) . Because of the steep IFP gradient at the tumor surface, fluid oozes out from the tumor tissue into the surrounding normal tissue, where it is collected by functional lymphatics (7) .
Experimental and clinical studies have provided substantial evidence that high IFP in tumors is a significant therapeutic problem (1) (2) (3) . First, high IFP may cause low and heterogeneous uptake of chemical therapeutic agents, leading to resistance to chemotherapy, immunotherapy, and some forms of gene therapy (3, 4) . Second, interstitial hypertension may cause resistance to radiation therapy. Studies of melanoma xenografts have shown that high IFP may be linked to poor radiocurability through hypoxia-dependent as well as hypoxia-independent mechanisms (8, 9) . Third, high IFP may promote metastatic spread. The incidence of pulmonary and lymph node metastases has been shown to be associated with the IFP of the primary tumor in mice bearing melanoma and cervical carcinoma xenografts (10, 11) . Fourth, the IFP of the primary tumor has been shown to be an independent prognostic parameter for patients with locally advanced cervical carcinoma (12) (13) (14) . In these studies, high-tumor IFP was associated with poor disease-free survival independent of conventional prognostic factors, such as tumor size, stage, and lymph node status (13, 14) .
An imaging method for noninvasive assessment of the IFP of tumors is needed to evaluate the potential of IFP as a biomarker for cancer aggressiveness. The possibility of using dynamic contrast-enhanced MRI (DCE-MRI) has been explored in a limited number of studies. Using a protocol based on slow infusion of gadolinium diethylene-triamine penta-acetic acid (Gd-DTPA), Hassid and colleagues showed that parametric images of the steady-state concentration of Gd-DTPA reflected the spatial distribution of the IFP of xenografted tumors, but correlations between steady-state Gd-DTPA concentration and IFP were not reported (15) . Gulliksrud and colleagues reported significant correlations between EÁF (E is the initial extraction fraction of Gd-DTPA and F is blood perfusion) and IFP in melanoma xenografts, but EÁF decreased with increasing IFP in intradermal tumors and increased with increasing IFP in intramuscular tumors (16, 17) . In a study of cervical carcinoma patients, Haider and colleagues found significant correlations between DCE-MRI-derived parameters and IFP, but the correlations were too weak to be clinically useful (18) . All these attempts to determine IFP by DCE-MRI were based on assessment of parameters related to the efficiency of vascular delivery and transcapillary transfer of Gd-DTPA.
However, there is significant theoretical evidence that DCE-MRI parameters related to the washout of Gd-DTPA at the tumor surface may provide information on the IFP of tumors (19) . This possibility was investigated in the work reported here. Our study was based on the hypothesis that the velocity of the fluid flow from tumors into adjacent normal tissues is determined by the IFP drop at the tumor surface. Moreover, in accordance with previous suggestions (10, (19) (20) (21) , we hypothesized that the development of lymph node metastases is associated with the fluid flow out of tumors as the fluid may direct tumor-secreted lymphangiogenic factors and other metastasis-promoting chemokines toward peritumoral lymphatics. To test these hypotheses, the Gd-DTPA velocity at the tumor surface was assessed by DCE-MRI in xenografted tumors and human cervical carcinomas. Strong correlations were found between Gd-DTPA velocity, tumor IFP, and incidence of lymph node metastases in melanoma and cervical carcinoma xenografts. Moreover, the Gd-DTPA velocity at the primary tumor surface discriminated well between cervical carcinoma patients with and without pelvic lymph node metastases.
Materials and Methods

Preclinical experiments
The TS-415 human cervical carcinoma and the U-25 human melanoma cell lines were established and characterized in our laboratory, and a large stock of cells were frozen and stored in liquid nitrogen (22, 23) . The cells used in the present experiments were obtained from our frozen stock and were maintained in monolayer culture in RPMI 1640 supplemented with 13% bovine calf serum, 250 mg/L penicillin, and 50 mg/L streptomycin. Xenografted tumors were initiated by inoculating 5.0 Â 10 5 cells into the gastrocnemius muscle of adult female BALB/c nu/nu mice. The mice were maintained under specific pathogen-free conditions and, unless otherwise stated, they were subjected to DCE-MRI when the tumor was approximately 500 mm 3 . Tumor IFP was measured immediately after the DCE-MRI, and the mice were then euthanized and examined for lymph node metastases. The mice were anesthetized with fentanyl citrate (0.63 mg/kg), fluanisone (20 mg/kg), and midazolam (10 mg/kg) before the DCE-MRI.
The DCE-MRI was carried out as described previously (24, 25) . Gd-DTPA (Magnevist; Schering) with a molecular weight of 0.55 kDa or gadomelitol (Vistarem; Guerbet) with a molecular weight of 6.5 kDa was used as contrast agent. The contrast agents were diluted in 0.9% saline to a final concentration of 60 mmol/L (Gd-DTPA) or 7.0 mmol/L (gadomelitol) and were administered in the tail vein in a bolus dose of 5.0 mL/kg. T 1 -weighted images (TR ¼ 200 ms, TE ¼ 3.5 ms, and a T1 ¼ 80 ) were recorded at a spatial resolution of 0.23 Â 0.23 Â 2.0 mm 3 and a time resolution of 14 seconds with a 1.5-T whole-body scanner (Signa; General Electric) and a slotted tube resonator transceiver mouse coil. The coil was insulated with styrofoam to prevent excessive heat loss from the mice. The body core temperature of the mice was kept at 37 C to 38 C during imaging with a thermostat-regulated heating pad. The tumors were imaged axially in a single section through the center by using an image matrix of 256 Â 128, a field of view of 6 Â 3 cm 2 , and one excitation. Three T 1 -weighted images were acquired before contrast was administered, and T 1 -weighted images were recorded for 15 minutes after the contrast administration. T 2 -weighted images were acquired immediately before the T 1 -weighted series by using a spin echo sequence (TR ¼ 3000 ms, TE ¼ 65 ms). Signal intensity images were generated with the SigmaPlot software (SPSS Science).
IFP was measured in the center of the tumors with a Millar SPC 320 catheter equipped with a Mikro-Tip transducer with diameter 0.66 mm (Millar Instruments; 26) . Marks on the catheter assured correct positioning of the sensor, and a single measurement was carried out in each tumor. The catheter was connected to a computer via a Millar TC-510 control unit and a preamplifier, and the LabVIEW software (National Instruments) was used for data acquisition. By measuring the IFP in the same tumors twice, we have shown that this method produces highly reproducible IFP values (16) .
The mice were euthanized immediately after the IFP measurement and examined for external lymph node metastases in the inguinal, axillary, interscapular, and submandibular regions and internal lymph node metastases in the abdomen and mediastinum. The presence of metastatic growth in enlarged lymph nodes was confirmed by histologic examination (27) .
The study was approved by the Institutional Committee on Research Animal Care and was carried out according to the USPHS Policy on Humane Care and Use of Laboratory Animals.
Clinical investigations
Fifty patients with locally advanced squamous cell carcinoma of the uterine cervix subjected to DCE-MRI at the Norwegian Radium Hospital were selected for this study from a cohort of 60 consecutive patients. Only patients showing significant image distortions caused by bowel or bladder movements during the imaging were excluded from analysis.
The imaging was carried out with a 1.5-T whole-body scanner (Signa; General Electric) and a 4-channel phased-array surface coil. Before the DCE-MRI, the entire pelvic region was scanned with an axial T 2 -weighted fast spin echo sequence (TR ¼ 4960 ms, TE ¼ 84 ms, image matrix: 512 Â 512, field of view: 20 Â 20 cm 2 , number of excitations: 1.5, slice thickness: 5 mm, slice spacing: 6 mm). The DCE-MRI was carried out at a temporal resolution of 29 seconds by using an axial T 1 -weighted spoiled gradient recalled sequence (TR ¼ 160 ms, TE ¼ 3.5 ms, a T1 ¼ 90 , image matrix: 256 Â 256, field of view: 20 Â 20 cm 2 , number of excitations: 1, slice thickness: 5 mm, slice spacing: 6 mm). Three T 1 -weighted images were acquired before a bolus dose of 0.1 mmol/kg Gd-DTPA was administered, and T 1 -weighted images were recorded for 10 minutes after the Gd-DTPA administration.
Primary tumor volume and metastatic status were determined by examining MR images in the open source dicom viewer Osirix (28) . A region of interest (ROI) encompassing the tumor area was drawn in each T 2 -weighted image, and tumor volume was reconstructed and calculated from these ROIs with a built-in function of Osirix. Metastatic status was assessed by examining the internal, external, and lower common iliac chains. A lymph node was scored as metastasis-positive when its shortest diameter in the T 2 -weighted images was longer than 1.0 cm and the T 1 -weighted images showed a contrast enhancement pattern similar to that of the primary tumor.
The investigations were approved by the institutional review board and were conducted in accordance with the Declaration of Helsinki. Informed consent was obtained from each patient.
Immunohistochemistry
Histologic sections were immunostained for blood vessels or connective tissue by using a peroxidase-based indirect staining method (29) . An anti-mouse CD31 rat monoclonal antibody (Research Diagnostics) or an anticollagen rabbit polyclonal antibody (Dako) was used as primary antibody.
Statistical analysis
Curves were fitted to data by regression analysis. The Pearson product moment correlation test was used to search for correlations between parameters. Statistical comparisons of data were carried out with the Student t test when the data complied with the conditions of normality and equal variance. Under other conditions, comparisons were carried out by nonparametric analysis using the Mann-Whitney rank-sum test. Probability values of P < 0.05, determined from 2-sided tests, were considered significant. The statistical analysis was conducted by using the SigmaStat statistical software (SPSS Science).
Model for the peritumoral interstitial fluid flow of tumors
Fluid convection in tumor tissues is proportional to the local IFP gradient, dP/dx, and can be described by Darcy's law, v ¼ ÀKÁdP/dx, where K is the hydraulic conductivity of the tissue and v is the fluid flow velocity. We assume a model where the IFP is homogeneously elevated throughout the tissue (P ¼ P 0 ) except close to the surface, where it drops steeply to normal tissue values (Fig. 1) . This model is in agreement with IFP profiles measured in tumors in mice (5, 10) . According to Darcy's law, there is fluid convection only at the tumor surface in this model, from the tumor periphery into the surrounding normal tissue, and no convection inside the tumor. Moreover, we assume that the fluid flow is attenuated linearly with the distance from the tumor surface. Thus, the fluid flow velocity at a distance S from the tumor surface, v(S), can be described by the expression v(S) ¼ v 0 À bS, where v 0 is the velocity at the tumor surface and b is the attenuation coefficient (Fig. 1) . Using the definition of velocity, v ¼ dS/dt, and integrating this equation, we have S(t) ¼ S 0 Á(1 À e Àbt ), where
represents the maximum distance the fluid can flow from the tumor surface. Thus, the fluid flow velocity reaches zero at S 0 , and beyond S 0 , we have v ¼ 0 (Fig. 1) .
Results
Peritumoral flow of Gd-DTPA To illustrate the peritumoral flow of Gd-DTPA in xenografted tumors, we report representative data by using TS-415 tumors as examples. The tumors showed a band of connective tissue in the periphery, and the vessel density within this band was high relative to that in the central tumor regions (Fig. 2A) . The T 1 -weighted image recorded immediately after the Gd-DTPA administration showed a high-signalintensity rim in the tumor periphery, corresponding to the position of the band of highly vascularized connective tissue (Fig. 2B) . The high-signal-intensity rim moved outward with time, as illustrated in Supplementary Movie S1 and by marked still frames from this movie in Fig. 2B . The rim movement was quantified by assuming that the flow of Gd-DTPA complied with the model for peritumoral interstitial fluid flow described above. Correct quantification of the rim movement required that the tumors did not move during the DCE-MRI, as was verified by examining the position of the tumors relative to the coordinates of the image matrix (Fig. 2B) . To quantify the rim movement, we measured the signal intensity across the rim at different time points after the administration of Gd-DTPA ( (Fig. 2D) . The maximum rim displacement varied around the tumor periphery (Fig. 2B) . To investigate whether also the initial flow velocity varied around the periphery, S 0 , v 0 , Cancer Researchand b were determined in 6 different positions in the tumor periphery. In contrast to S 0 , v 0 did not vary around the periphery. This is illustrated in Fig. 2E , which shows that plots of S 0 versus 1/b were well fitted by linear curves (i.e., curves with a constant slope v 0 ¼ S 0 Áb). The peritumoral flow of Gd-DTPA in human cervical carcinomas was similar to that in the xenografted tumors, as illustrated in Supplementary Movie S2. The movie shows a representative example and refers to a patient with a large primary tumor and metastatic growth in several pelvic lymph nodes. Marked still frames from the movie are presented in Fig.  3A , and Fig. 3B shows plots of the rim displacement versus time for this patient and a patient without pelvic lymph node involvement. As for the xenografted tumors, S 0 , v 0 , and b were calculated from the best curve fits of S(t) ¼ S 0 Á(1 À e Àbt ).
S 0 , b, and v 0 were positively correlated to IFP in TS-415 and U-25 xenografts Thirty-six TS-415 tumors and 29 U-25 tumors were subjected to Gd-DTPA-based DCE-MRI and subsequent measurement of IFP. Significant correlations were found between S 0 , b, and v 0 on the one hand and IFP on the other, both for TS-415 (Fig. 4A ) and U-25 (Fig. 4B) tumors. The correlation with IFP was particularly strong for v 0 . The data for the TS-415 and U-25 tumors are plotted together in Fig. 4C , illustrating that nearly identical correlations were obtained for the 2 xenograft lines. Furthermore, 14 TS-415 tumors and 10 U-25 tumors were subjected to DCE-MRI with gadomelitol as contrast agent. v 0 increased with increasing IFP, both in TS-415 (Fig. 5A ) and U-25 ( Fig. 5B) tumors. The correlations between v 0 and IFP were similar for the 2 tumor lines and similar to those obtained with Gd-DTPA (Fig. 5C ).
There was no association between IFP or v 0 and tumor size in TS-415 and U-25 xenografts
Twelve tumors of each line differing in volume from approximately 300 mm 3 to approximately 1,000 mm 3 were subjected to Gd-DTPA-based DCE-MRI and measurement of IFP. Significant correlation between IFP and tumor size or v 0 and tumor size was not found in any of the lines (Supplementary Fig. S1 ).
High IFP and high v 0 were associated with lymph node metastasis in TS-415 and U-25 xenografts Sixteen mice bearing TS-415 tumors and 24 mice bearing U-25 tumors were autopsied and examined for lymph node metastases after Gd-DTPA-based DCE-MRI and IFP measurement. Metastases were found in 7 mice with TS-415 tumors and 11 mice with U-25 tumors, whereas the other mice were metastasis-negative. In the TS-415 line, the primary tumors of the metastasis-positive mice showed significantly higher IFP and significantly higher v 0 than those of the metastasis-negative mice (Fig. 6A) . In the U-25 line, both IFP, S 0 , b, and v 0 were significantly higher in the metastatic than in the nonmetastatic primary tumors (Fig. 6B) .
Large tumor volume and high values of b and v 0 were associated with pelvic lymph node metastasis in human cervical carcinoma Fifty cervical carcinoma patients subjected to T 2 -weighted MRI and DCE-MRI of the pelvis were included in the study. Positive lymph nodes were detected in 27 patients, whereas the other 23 patients did not show evidence of metastatic growth. The primary tumors were larger in the metastasis-positive patients than in the patients without metastatic deposits (Fig.  7A) . S 0 did not differ between the patients with and the patients without positive lymph nodes (Fig. 7B) . On the other hand, the metastatic tumors differed from the nonmetastatic tumors by showing significantly higher values for both b (Fig. 7C ) and v 0 (Fig. 7D) . 
Discussion
A novel noninvasive DCE-MRI technique for assessing the IFP of human and experimental tumors is reported in the present communication. The technique is based on measurements of the movement of a high-signal-intensity rim in the tumor periphery and a model for peritumoral interstitial fluid flow. The velocity of Gd-DTPA in the tumor periphery is assumed to be equal to the fluid flow velocity, and this assumption is reasonable because Gd-DTPA does not interact with the extracellular matrix (30) . Our model for peritumoral interstitial fluid flow appeared to be valid because plots of S versus t were well fitted by S(t) ¼ S 0 Á(1 À e Àbt ), both for xenografted tumors and human cervical carcinomas. Three parameters (S 0 , b, and v 0 ) were calculated from the DCE-MRI data, and these parameters are related to each other through v 0 ¼ S 0 Áb. Their numerical values are determined by several properties of the tumor and the surrounding normal tissue, primarily the IFP of the tumor, the hydraulic conductivity of the surrounding normal tissue, and the density and functionality of the peritumoral lymphatics. The correlation between v 0 and IFP was stronger than the correlation between S 0 and IFP and the correlation between b and IFP, both in TS-415 and U-25 tumors. Moreover, in contrast to S 0 and b, v 0 did not vary around the tumor periphery. Consequently, the IFP of the tumors was described better by v 0 than by S 0 and b.
In addition, v 0 discriminated better between metastatic and nonmetastatic tumors than did S 0 and b. Thus, in contrast to S 0 and b, v 0 was significantly higher for the tumors that had metastasized than for those that had not metastasized, regardless of whether TS-415 and U-25 xenografts or human cervical carcinomas were considered. Taken together, our observations suggest that v 0 may be a useful surrogate parameter for interstitial hypertension-induced tumor aggressiveness.
However, as mentioned above, v 0 is not determined solely by the IFP of a tumor, but is also influenced by features of the surrounding normal tissue, implying that any relationship between v 0 and IFP is expected to differ with the organ in which the tumors are growing. In our work, the TS-415 cervical carcinomas and the U-25 melanomas were transplanted intramuscularly, and nearly identical correlations between v 0 and IFP were found for these lines. On the other hand, the v 0 values measured for the human cervical carcinomas were substantially higher than those measured for the xenografted tumors, and this difference in v 0 can probably not be attributed to a difference in IFP because the IFP values measured in the TS-415 and U-25 tumors were within the same range as those measured in locally advanced cervical carcinomas in humans by Milosevic and colleagues (12) and Yeo and colleagues (13) . Consequently, assessment of tumor IFP and interstitial hypertension-induced tumor aggressiveness from measurements of v 0 requires tumor site-specific translational criteria.
Correct assessment of v 0 requires that the tumor does not move during the image acquisition. Tumor movements can be easily avoided and/or monitored in the experimental setting. In the present work, the TS-415 and U-25 tumors were transplanted into the gastrocnemius muscle to avoid breathing artifacts during the imaging. Furthermore, the tumor-bearing leg was fixed with tape. To verify that the tumors did not move, the tumor position relative to the image matrix was examined.
On the other hand, tumor movement may be a problem in the clinical setting, particularly for tumors in the pelvis where bowel and bladder movements may cause image distortions. However, this problem may be reduced by purging the patients before the MR examination. Measurement of v 0 by DCE-MRI presupposes that a highsignal-intensity rim can be detected in the tumor periphery shortly after the administration of Gd-DTPA. A high-signalintensity peritumoral rim in Gd-DTPA-enhanced T 1 -weighted images probably requires that the tumor has higher microvascular density in the periphery than in the central regions as well as high vessel wall permeability to Gd-DTPA. Gd-DTPA has a low molecular weight of 0.55 kDA and is therefore readily transported across the vessel wall of tumors. Interestingly, all TS-415 and all U-25 tumors showed a signal enhancement pattern such as the one illustrated in Fig. 2B . Furthermore, all cervical carcinoma patients had tumors displaying an adequate early high-signal-intensity peritumoral rim. This is not necessarily a general phenomenon, implying that our DCE-MRI method for assessing interstitial hypertension-induced tumor aggressiveness may not be applicable to all tumor types. However, quantitative histologic studies involving a large number of tumor types have revealed that tumors typically show a particularly high density of microvessels and vascular hot spots in the invasive front (31) (32) (33) . Moreover, a high-signalintensity peritumoral rim has been observed in contrastenhanced T 1 -weighted images of primary tumors and liver metastases of several histologic types (34) (35) (36) (37) (38) .
Measurement of v 0 also requires that the high-signal-intensity rim is detectable for a period of 5 to 10 minutes and that the position of the rim is not influenced significantly by factors other than the peritumoral fluid flow velocity. Differing initial signal intensities caused by differences in tumor size and Cancer Researchdecreases in signal intensity caused by peritumoral clearance of Gd-DTPA or Gd-DTPA diffusion are conceivable confounding factors. However, we present solid evidence that these factors do not represent a serious problem. Thus, significant correlations between tumor size and v 0 or IFP were not found, and the correlations between v 0 and IFP found for Gd-DTPA were similar to those found for gadomelitol in both tumor lines. The plasma clearance rate of gadomelitol is less than half of that of Gd-DTPA (39) , and gadomelitol has a diffusion coefficient in water that is only 20% to 25% of that of Gd-DTPA (40) . However, gadomelitol is not superior to Gd-DTPA for assessment of v 0 because of the lower vessel wall permeability to gadomelitol. The interstitial transport in tumors of small molecules such as Gd-DTPA is driven by a combination of diffusion and convection (3, 5) . Diffusion is the dominant mechanism in the central regions of experimental tumors where the IFP is uniformly elevated. There is evidence from theoretical studies that diffusion may be an important mechanism even in the peripheral zone (41, 42) . However, the present study showed clearly that convection is the dominant transport mechanism for Gd-DTPA in the tumor periphery. Our observations are consistent with data reported by Hassid and colleagues (15) . They administered Gd-DTPA slowly to tumor-bearing mice and showed that the steady-state concentration of Gd-DTPA was high in the tumor center and decreased steeply at the tumor surface, an observation that led them to conclude that Gd-DTPA is transported primarily by convection in the periphery of tumors with high IFP.
There are several possible mechanisms for a link between v 0 and lymph node metastasis. It has been suggested that the fluid flow from a tumor into the surrounding normal tissue may direct tumor cells toward functional peritumoral lymphatics by autologous chemotaxis, and proteolytic enzymes and chemokines carried by the interstitial fluid may facilitate tumor cell migration by remodeling the extracellular matrix (43) . Furthermore, lymphangiogenic factors transported by the interstitial fluid may promote lymph node metastasis and metastatic growth by dilating peritumoral lymphatics and inducing sinusoidal hyperplasia and lymphangiogenesis in the sentinel lymph node (44, 45) . There is also some evidence that the tumor-draining lymph node may be an immune-privileged site for metastatic growth because increased interstitial and lymphatic fluid flow may alter the host immunity to tumor cells (45) .
In summary, positive correlations were found between v 0 and IFP in cervical carcinoma and melanoma xenografts, and xenografted tumors that developed lymph node metastases showed higher v 0 and higher IFP than those that did not metastasize. Moreover, the v 0 of the primary tumor discriminated clearly between cervical cancer patients with and without metastatic growth in pelvic lymph nodes. These observations suggest that high IFP in tumors may promote lymph node metastasis and that Gd-DTPA-based DCE-MRI may provide valid information on the IFP of tumors. The possibility that v 0 may be an important biomarker for interstitial hypertension-induced cancer aggressiveness merits comprehensive clinical investigations.
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